The aim was to determine the evolutionary position of the Staphylococcus aureus clonal complex 75 (CC75) that is prevalent in tropical northern Australia. Sequencing of gap, rpoB, sodA, tuf, and hsp60 and the multilocus sequence typing loci revealed a clear separation between conventional S. aureus and CC75 and significant diversity within CC75.
To date, more than 50 species and subspecies of the genus Staphylococcus have been described (5, 13) . The most prominent species, Staphylococcus aureus, is a major human pathogen that can cause a wide variety of hospital-and communityacquired infections (9) . Strains carrying the mobile genetic element SCCmec (staphylococcal cassette chromosome mec) are resistant to a broad range of ␤-lactam antibiotics and are termed methicillin (meticillin)-resistant S. aureus (MRSA).
Evolutionary relationships within the genus Staphylococcus have previously been determined using homologous housekeeping genes (3, 6, 7, 14, 15, 20) , and S. aureus has been shown to be well separated from the other species. Multilocus sequence typing (MLST) of large numbers of S. aureus isolates has revealed that the MLST loci are in general no more than 3% divergent (4). This is considerably less than in other bacterial species (2, 8) . Therefore, the picture that has emerged is that extant S. aureus bacteria are descended from a relatively recent common ancestor and that there is a wide evolutionary gulf between S. aureus and any other bacterial species.
Recent evidence indicates that this model is an oversimplification. Surveillance of staphylococcal carriage and disease in the tropical northern region of the Northern Territory of Australia yielded methicillin-susceptible and methicillin-resistant Staphylococcus isolates that are highly divergent from S. aureus at the MLST loci and are therefore difficult to classify. These isolates were shown to be closely related to each other and were designated clonal complex 75 (CC75) (16) . They accounted for 23% of all isolates and 70% of MRSA isolates recovered during a community study of impetigo (16) , and clinical isolates were associated with a variety of disease states (22) . Similar to other incidents of community-acquired MRSA, the majority of SCCmec cassettes found in CC75 were type IV (16) .
The aims of this study were to determine the evolutionary position of CC75 within the genus Staphylococcus and to test the hypothesis that CC75 encompasses significant diversity, even within a single geographical region with a small human population. The reporting of this study was complicated by the uncertain taxonomic status of CC75. In this study, we have regarded CC75 as belonging to S. aureus but made a comment regarding taxonomic status when discussing the results. In the interests of clarity, we have used "CC75"to refer to this lineage and used "conventional S. aureus" to denote "S. aureus not including CC75."
Five CC75 isolates were included in this study. HS2, HS42, and M34 isolates were derived from surveillance of skin lesions in remote indigenous communities in the northern region of the Northern Territory, Australia, with M34 being included in a previously reported study (16) . SCC1302 and SCC1119 are clinical isolates obtained from the Pathology Department of Royal Darwin Hospital (22) . They were identified as belonging to CC75 using the single-nucleotide polymorphism genotypingbased method of McDonald et al. (16) , and all are methicillin resistant except HS2 and HS42. The isolates were routinely propagated on horse blood agar.
The evolutionary position of CC75 was deduced from the sequences of six gene fragments previously used to study the relationships between Staphylococcus species (3, 6, 7, 14, 15, 20) . Sequences were obtained from HS2, HS42, M34, and SCC1302 isolates. To extract genomic DNA, colonies were selected, placed in 5 ml of Todd-Hewitt yeast broth, and grown at 37°C overnight with agitation. DNA was extracted from 1 ml of pelleted cells using a QIAamp DNA minikit (Qiagen) according to the manufacturer's instructions, using 100 g/ml lysostaphin (Sigma). Fragments of the 16S rRNA, gap, rpoB, sodA, tuf, and hsp60 genes were amplified and sequenced. PCR was carried out with the oligonucleotide primers listed in Table  1 using the reaction conditions specified in the references for the primers shown in Table 1 . PCR products were purified and sequenced by either Bioscience North Australia, Charles Darwin University, Darwin, Australia, or Macrogen Inc., Seoul, South Korea.
The CC75 sequences were compared to the corresponding sequences from five conventional S. aureus strains and a representative of seven other Staphylococcus species (Table 2 ). In the case of 16S rRNA, no differences between CC75 and conventional S. aureus were found over the region sequenced. For the remaining gene fragments, the sequences were aligned, and neighbor-joining trees were deduced using the MEGA software package (21) (Fig. 1) . It can be seen that there is a consistent pattern that CC75 is significantly diverged from conventional S. aureus; however, CC75 and conventional S. aureus are each other's closest relatives. There were an average of eight times as many polymorphisms separating CC75 and conventional S. aureus as there were separating the most di- GQ141068  GQ141064  GQ141076  GQ141074  GQ141080  HS42  GQ141069  GQ141065  GQ141077  GQ141073  GQ141081  M34  GQ141067  GQ141063  GQ141075  GQ141071  GQ141079  SCC1302  GQ141066  GQ141062  GQ141074  GQ141070 isolates, and different Staphylococcus species were used. The following fragments of the coding sequences were used: fragment from position 58 to 941 for gap, fragment from position 1 to 492 for rpoB, fragment from position 11 to 380 for sodA, fragment from position 1 to 538 for hsp60, and fragment from position 360 to 730 for tuf (conventional S. aureus numbering). Scale bars and numbers represent the number of nucleotide differences. vergent conventional S. aureus from each other. It was concluded that the most recent common ancestor of CC75 and conventional S. aureus existed considerably before the most recent common ancestor of conventional S. aureus, but considerably after the most recent common ancestor of conventional S. aureus and any other recognized staphylococcal species. Also of interest was the presence of similar levels of diversity within the CC75 and conventional S. aureus sequences.
In order to further examine the relationship between CC75 and conventional S. aureus, the sequences of their MLST loci were compared. Neighbor-joining trees were deduced from the allele sequences in the S. aureus MLST database. The tree for the yqiL locus is shown in Fig. 2 , and the trees for the other loci are essentially equivalent (with the exception of the aroE locus; see below). The yqiL alleles associated with CC75 isolates (alleles 49, 105, and 131) are clearly removed from all the other alleles. This confirms that CC75 is distinct from conventional S. aureus.
There are currently five sequence types (STs) in the S. aureus MLST database (http://saureus.mlst.net) that clearly belong to CC75. These are ST75, ST850, ST883, ST1223, and ST1304. There are apparent anomalies in that all of these STs apart from ST1223 possess six "CC75" alleles but also have a conventional S. aureus aroE allele (the precise allele varies from ST to ST). We were completely unable to amplify a product for the aroE locus for any CC75 isolate using the previously reported S. aureus MLST primers (4) and also had difficulty amplifying some of the other loci on several occasions. As a result, we designed an alternative primer set for MLST of CC75 isolates (Table 1) , utilizing sequence flanking the alleles, or in the case of the aroE locus, the sequence of the ST1223 aroE allele, to design the primers. We then performed MLST analysis on four CC75 isolates (HS2, M34, SCC1119, and SCC1302). The sequence of each locus was compared to that in the S. aureus MLST database. None of the isolates corresponded to known STs, with between one and three loci of each isolate having an allele sequence not present in the MLST database (Table 3 ). The two CC75 isolates from community surveillance (HS2 and M34) possessed different alleles at all seven MLST loci. The two clinical CC75 isolates possessed the same MLST alleles but differed from one of the community isolates at five loci and differed from the other community isolate at all seven loci. Thus, there is significant diversity in alleles even within this small number of CC75 isolates. The aroE sequences were closely related to the ST1223 aroE allele, with between zero and five polymorphisms. We consider it possible that the aroE alleles in CC75 sequence types ST75, ST850, ST883, and ST1304 in the MLST database are not correct and are due to the conjunction of primer template mismatches and PCR contamination. We were unable to submit our new alleles to the MLST website because of the truncated aroE sequences. However, they have been submitted to GenBank (Table 3 ). There is a clear case for a separate MLST scheme for CC75.
The two ST75 isolates and the single ST850 and ST883
FIG. 2. Neighbor-joining tree of representative yqiL alleles from the S. aureus MLST database. To aid presentation, only a subset of alleles were included. The alleles were selected to encompass as much diversity as possible. Scale bars and numbers represent the number of nucleotide differences. a The new alleles have been deposited in GenBank under accession numbers GQ141057, GQ141058, GQ141059, GQ141060, and GQ141061. New i, first new allele found for the locus; New ii, second new allele found for the locus.
b Possibly incorrect alleles, so ST75 and ST1304 may be identical. c Identical to allele 187, but slightly less than the full aroE sequence was determined (see text).
